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Introduction
Korea has a growing aging society, with one of the fastest rates of aging in the world 1) . The economic incapacity and physical health problems of the elderly are becoming serious social problems. Therefore, many countries are devising new policies to solve this social issue 2) .
There is a growing interest in the oral health and general health of the elderly. However, compared to the general health, the importance of oral health is often underestimated.
Elderly people are experiencing various problems related to oral diseases in daily life 3) .
Loss of teeth is a representative oral disease of the elderly population, and is associated with medical problems such as malnutrition, physical disability, and mental dysfunction 4) .
The remaining teeth typically correspond to all residual teeth including healthy teeth, teeth that have already been treated, and teeth with cavities 5) . Functional teeth correspond to a state in which opposing teeth exist 6) . Thus, the number of functional teeth is associated with chewing ability 7) . A lower number of functional teeth leads to chewing difficulties and reduces the ability to perform activities of daily living 8) .
Therefore, oral health requires constant attention in order to overcome related physical, social, and mental disabilities 9) .
The deterioration of masticatory function due to tooth loss is related to memory and learning ability, affects the heartbeat rate and blood flow during chewing, and impacts cognitive disorders similarly to other physical activities 10, 11) . In addition, jaw movement during chewing stimulates the activity of the cerebral cortex to increase cerebral blood flow and activate the brain 12) . If the chewing ability is deteriorated, the aptitude to perform daily life activities decreases, thus increasing risk factors such as the quality of life or depression 13) .
The elderly population is growing worldwide; as a consequence, there is an increased interest in senile dementia and oral health 14) . Dementia gradually decreases cognitive functions resulting in language problems, loss of memory, loss of sense of time and space, inability to learn, and difficulties in daily life activities 15) . In addition, dementia appears in the form of two or more cognitive dysfunctions at first, and subsequently progresses to personality changes such as depression or anxiety and abnormal behaviors 16) . The deterioration of cognitive performance is an important predictor of dementia, which also affects oral health 10) . Thus, abnormal cognitive functions can exacerbate oral health conditions 17) However, the precise mechanism of the relationship between oral health and cognitive ability is unknown 18) .
Although many studies have addressed the relationship between the number of residual teeth and cognitive function, little research has been conducted in Korea, except for our preliminary data. The purpose of this study was to investigate the relationship between the number of remaining functional teeth and cognitive function.
Materials and Methods
This study was approved by the institutional review board (IRB) of the Kyungpook National University Hospital (KNUH 2015-07-007-001). 
Study participants

Measurements
This study was to investigate the relationship between the number of remaining functional teeth through oral examination and cognitive function using the Korean version of the Mini-Mental State Examination. Age, sex, residence type, and education level were examined with general characteristics.
Through the oral examination, we investigated the number of functional teeth that could chew, including both third molars and prosthesis. We excluded individuals who were unable to bite because they had no teeth. Based on the number of functional teeth, the participants were assigned to two groups: <20 teeth and ≥20 teeth 19) . We also investigated tooth mobility and the use of denture. Tooth mobility was recorded as 0 if there was no movement, 1 if there was movement within 1 mm, 2 if there was movement of more than 1 mm, and 3 if there was vertical movement based on Miller classification 20) .
The teeth that had tooth mobility were excluded from the total number of functional teeth considering the functional aspect of the mastication.
The subjective masticatory level was examined using the 5-point likert scale and was divided into two groups: 1-2 points correspond to "cannot chew" and 3-5 points correspond to "can chew." The Mini-Mental Status Examination (MMSE) is a widely used tool for dementia determination 21) .
In Korea, MMSE-K, which is referred to hereafter by MMSE, was developed by Park and Kwon in 1989 and has already proved its reliability and validity 22) . The total score of MMSE corresponds to 30, a score of 0-23 indicates that the cognitive function is "not good," while a score of [24] [25] [26] [27] [28] [29] [30] indicates that the cognitive function is "good" 23) . Therefore, the higher the score, the better the cognitive function.
Statistical analysis
General characteristics according to the number of functional teeth and cognitive function were compared using crossover analysis and the mean values were compared using t-test and analysis of variance (ANOVA). Logistic regression analysis was conducted to investigate the effect of subjective masticatory level and the number of functional teeth on dementia and was adjusted for age, sex, type of residence, education level, and use of denture. The data collected were analyzed using SPSS 23.0 version and a P<0.05 was considered statistically significant. Denoted by Scheffe's post-hoc analysis. SD: Standard Deviation.
Results
Characteristics of participants according to the number of functional teeth
"impaired" was 12.93±10.25, while it was 17.22±10.24 in participants with "normal" cognitive function (P<0.05).
Characteristics according to the cognitive ability
The cognitive function was divided into two groups according to the MMSE scores. There were significant differences according to age, sex, type of residence, education level, subjective mood, and functional tooth number (P<0.05).
Based on the type of residence, the MMSE score was 25 
Association between masticatory level, number of functional teeth, and cognitive ability
When the subjective mastication level was "not good", the risk ratio of poor cognitive function was 1.49 times higher compared with a "good" mastication level, which was significantly different (P<0.05). However, after adjusting for age, sex, type of residence, education level, and denture use, the odds ratio was 1.46, but there was no significant difference (P>0.05). When the number of functional teeth was small (<20), the risk ratio of poor cognitive function was 2.30 times higher, while the odds ratio was 2.74 after adjusting for age, sex, type of residence, education level, and denture use; the difference was statistically significant (P<0.05) ( Table 3 ).
Discussion
The number of remaining functional teeth is one of the objective indicators that can evaluate oral health status and predict the quality of life related to oral health. A smaller number of functional teeth indicates poor oral health, which leads to difficulty in mastication, thus affecting the diet, and pain in the soft tissue during chewing 24) . Adam and Preston 25) showed significant differences in the number of remaining functional teeth according to age and sex (P<0.05), but not according to education level (P>0.05). Mummolo et al. 19) also reported no significant difference between the number of remaining teeth and the level of education. In addition, the cognitive function was significantly different from the education level.
In the present study, as the age increased, the number of remaining teeth decreased; there was also a significant difference according to sex (P<0.05). Furthermore, lower was the level of education, the smaller was the number of functional teeth. The cognitive function was also significantly different from the education level (P<0.05).
Elsig et al. 26) reported that there was no relationship between the number of teeth remaining and dementia. However, based on our preliminary data and findings from a previous study 27) , we suggest a relationship between the number of residual teeth and dementia. In the present study, when the number of remaining teeth was less than 19, the risk ratio of cognitive function was 2.30 times higher, and it was 2.74 times higher after adjusting, with a statistically significant difference (P<0.05). Yamamoto et al. 28) reported that the risk ratio for dementia was 1.97 times higher when only some teeth remained without denture, and, after adjusting for various variables, the odds ratio was 1.85 times higher. This present study further investigated the relevance between subjective mastication level of oral health related index and cognitive function. When the subjective mastication level was not good, the risk ratio of poor cognitive function was 1.49 times higher, but the difference was no statistically significant (P>0.05).
Grover et al. 29) investigated the relationship between the masticatory level and dementia. The participants with good masticatory level scored higher on the MMSE. Furthermore, the cognitive function was good and so was the ability to perform everyday life activities. The deterioration of the masticatory function makes it difficult to eat, thus it affects the general health 30) . Therefore, it is necessary to recover the missing teeth of the elderly; this could result in psychological and mental satisfaction. In order for this to occur, it is necessary to help elderly people to become more interested about oral health care.
There are several limitations in this study. First, this crosssectional study cannot explain the causal relationship between functional teeth and cognitive function. Second, the reliability of the questionnaire was not considered and it is difficult to extrapolate the general population from our findings by investigating the elderly over 65 years of age who living in some communities. Third, the number of subjects was small and the confidence interval was wide and most of the participants we visited in the senior centers were women; thus, it was not possible to compare according to sex. Furthermore, the education level of the majority of the elderly participants was low, which made it also difficult to perform comparisons according to the level of education. In addition, given that elderly individuals residing in nursing facilities relied in their statements on their caregivers, it was difficult to confirm their subjective statements. Nevertheless, despite these limitations, this present study is meaningful in that it investigated the relationship between the number of functional teeth and cognitive function in the elderly population of a total of 22 care facilities, by involving a single team consisting of one dentist, one dental hygienist, and one nurse.
To our knowledge, this study is the first to investigate the relationship between the number of functional teeth and cognitive function in Korea, and that is concerned with the oral health of the elderly. Given that oral health performed by the elderly themselves can be a sufficiently preventive measure, it is necessary to promote continuously oral health care education. This study is on the basis data to studying further the relationship between oral health and cognitive function, and
suggests that the quality of life in elderly people will improve by maintaining a healthy oral health condition, thus it is expected that the risk of dementia can be lowered.
Our findings suggest that the number of functional teeth decreased with age, female sex, and lower education level.
Furthermore, age, sex, residence type, and education level were found to be related to cognitive function. This study confirmed that the number of functional teeth and cognitive function were related.
